Dimethylsulfoniopropionate (DMSP) is an abundant osmolyte and anti-stress compound produced primarily in marine ecosystems. After its release into the environment, microorganisms can exploit DMSP as a source of sulfur and carbon, or accumulate it as an osmoprotectant. However, import systems for this ecophysiologically important compatible solute, and its stress-protective properties for microorganisms that do not produce it are insufficiently understood. Here we address these questions using a well-characterized set of Bacillus subtilis mutants to chemically profile the influence of DMSP import on stress resistance, the osmostress-adaptive proline pool and on osmotically controlled gene expression. We included in this study the naturally occurring selenium analogue of DMSP, dimethylseleniopropionate (DMSeP), as well as a set of synthetic DMSP derivatives. We found that DMSP is not a nutrient for B. subtilis, but it serves as an excellent stress protectant against challenges conferred by sustained high salinity or lasting extremes in both low and high growth temperatures. DMSeP and synthetic DMSP derivatives retain part of these stress protective attributes, but DMSP is clearly the more effective stress protectant. We identified the promiscuous and widely distributed ABC transporter OpuC as a high-affinity uptake system not only for DMSP, but also for its natural and synthetic derivatives.
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Bacteria can derive protection against abiotic stress both through synthesis and uptake of 80 compatible solutes (Kempf and Bremer, 1998; Bremer and Krämer, 2000) . A microorganism in which 81 these processes are well characterized, both at the physiological and at the molecular level is the 82 ubiquitously distributed Gram-positive bacterium Bacillus subtilis (Bremer, 2002) . Upon be toxic, we also tested a lower concentration (2 mM) of DMSP in our growth assays; no growth was 111 observed under these conditions either ( Fig. S1A and B ). We therefore conclude that B. subtilis 112 belongs to the group of microorganisms that cannot exploit DMSP as a nutrient. Fig. 1) for B. subtilis cells that were 119 continuously challenged either by extremes in salinity (1.2 M NaCl) or growth temperatures (13° C 120 and 52° C). DMSP exerted the same level of osmostress protection as the highly effective compatible 121 solute glycine betaine (Boch et al., 1994 ) ( Fig. 2A) . DMSeP was also a good osmostress protectant 122 and was followed in its potency by the synthetic DMSP derivatives dimethyltelluriopropionate 123 ( transcription about five-to six-fold and so did DMSP (Table 1) . DMSP, glycine betaine and carnitine 177 also down-regulated (between 3.6 and 4-fold) the level of opuA-treA expression found in the absence 178 of added NaCl and thereby still permitted an osmotic up-regulation (between 4.9 and 6.6-fold) in the 179 expression level of the reporter fusion (Table 1 ). The reduction in the level of opuA-treA transcription 180 by the DMSP selenium analogue DMSeP and the tested synthetic DMSP derivatives in salt-stressed 181 and non-stressed cells was less pronounced, between 1.5-and 2.5-fold under osmotic stress conditions 182 and between 1.7-and 3.5-fold in non-stressed cells ( 
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We also tested the role of the individual Opu transporters for the import of DMSP and its 202 derivatives under both cold-and heat-stress conditions. The same transporters used for the uptake of 203 these solutes in salt-stressed cells were also used by cells exposed to either sustained cold (13° C) 204 ( 
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Next, we studied the import of DMSP and its derivatives via the OpuC ABC transporter in 215 osmotically stressed cells (with 0.4 M NaCl). Uptake of [1-14 C]glycine betaine proceeded with high 216 affinity and yielded a K m of 7 ± 1 µM (Table 2) , again a value that is in excellent agreement with a 217 previous report (K m : 6 µM) (Kappes et al., 1996). OpuC-mediated import of DMSP was a high-affinity 218 process as well and yielded a K i value of 39 ± 7 µM (Fig. 5B ). The transport characteristics of OpuC
219
for the uptake of six tested DMSP derivatives yielded similar K i values ( affinity import of these types of substrates via the OpuC transporter as found here for DMSP (Table 2) 299 and as already reported for carnitine (Kappes and Bremer, 1998 OpuAC protein and 86 strains possessed OpuCC (Table S1 ). Hence, OpuA-and OpuC-type 312 transporters are found in essentially every Bacillus species whose genome sequence was inspected.
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The vast majority (82 out of 88) simultaneously possesses both OpuA and OpuC; none of the 314 inspected genomes lacked both of these osmolyte uptake systems (Table S1 ) 
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We probably see all these effects at work when one collectively views the different influence of In the Φ(opuA-treA)1 reporter fusion carried by this strain, a promoterless treA gene 911
is placed under the transcriptional control of the osmotically regulated opuA promoter; the 912 fusion junction between the truncated opuA material and treA is present within the opuAA 913 gene of the opuA operon. The Φ(opuA-treA)1 reporter construct was stably integrated via a 914 double-homologous recombination event as a single copy into the B. subtilis genome within 915 the non-essential amyE gene that is thereby rendered non-functional. 916 
